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A, Lrigie of Problen

1. Comismental systexus of gescetic comtral and abauptly at sosst
Limen,

2. Gupe in control owny scean arsas create uncartaiety ie soaition-
ing of the continents.

3. The large geodetic sets of the world are base i upom difieron
datums. ®

4. The US ssos the Norxth Americnn Datom, sdopted 1927 tha
JS3R eaes the Falkove 1942 [ atem, adepted in 194C.

5. Datwn Siifercaces give rise 1o arrovs i corspatiag distazcas
and directions batween videly separated launch and mroet pointe.

B. Major Soarces sf Geodet.c Uneceviainty

i, Gise of sarth ~- differences in values of the cdmi-nRjor 203
wsed for different ollipenids.

i. dhape of sarth -« different valuss used lor pelar flattreivy.

3.  Urisutation of eni;gg::rm& -~ allipaoid axes do pof CoIRSlie w 22
sarthis sxis of rotation.

i, Errors cue to teflections of tive vertical -- resalt fron sagulsl
differences betwean shee reatioms 1Aat are vertical to the gecid rn: cow -
puted as perpenviicnlar to a cisplaced allipsoid.

* See the Annex for exgianstwn of the basic elowmnts of the yecdelic
problen.
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STUUNS

5. Map erroy -~ sistermined by scals of availeble maps. Scale
error segdigible i aps ave ot scale 1:164, GO0 or larger but sigaifican,
particularly for locatiang Soviet JCAM launch sites, ix aveas for which
best available wmaps are at scales of 101, GO0, (66 or snaller.

6. Iufluence of gravity anos.alies upon suissile during exsly steges
of fight.
C. Estimate of Geodetic Target Errar: 5, 560 Nastieal Mila Range
U Againet USSR = USSK iysinsi -
i« Error dus 1o ancertain-

ties im sise, shape of sllipsaid,
asd target uncertainty 1, U6 foet to i waile 1, 000 1o 2, GO feer

US against USSR:

cable against pre-seiscted
targets

b 1 a mile appli-
cable against Saviet lauach
sites with lecations stili to
be ascertained

2.  Map error, varies with
scale of availabls muags 0% sa 2, 000 feet 16¢ to 500 feet

). Gravity ervor; lower
value more probable 584 ta 2, 500 feet 506 to 2, 400 deet

4. Eetinalsd Over-All Gevdetie Errer

Average instance €.3t0 6.6 n. mile
& For 30 percent of
Evropsan USSR iargets ¥ ithia 1, 000 feet
b. For remaisder f USSR
54 percant certainty & VU6 {oet o 1 . mile
90 percent certainty %, 000 {ent to 2 v. mile
- 2 -
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L. US Meves to Improve Sitaation

1.  #Flanwed ¢r currsnt scisntific prograws o reduce geodatic srros:

s,  Lefense World Cecdetic System asw deterudnsd
but requives much refinement incorporating additional gravity
data on land and at ses. Fregrau hampered by gaps in grevivy
data over vesass ard Soviet palicy of withhelding data on the U35,

b, IGY lunar photography program; resulte anpected x 1 to
Z ysars.

e, RIRAK (high-precision Ehoran) for intercontinental ties.
Eesults reduced uncertainty of cosnections betwess Enrope and
North America to about 34¢ feet; ancortainty still exists becaase
of weaknesses in Canadian gecdetic positions astabliskeé by
Shoran wethods.

d  Vaorld gravity servey; stiil ander consicerstion foz zvearis
sarvey. Suriace-ship s sirborae instromentation now beling
tested; will reduce cont and speed up completion of survey.

e. Earth samellite chservations amd wrbit analysis, rresits
expetted in sext decads.

f. High-alitithde rocket flaskes for determisiag three-
dizmensionsl zocrdizater betwaen continents giving positiens free
of deflection-of~ths variical errers; programa now in plaening.

i Recommsissanes satallite photography way within = years
visld mowt dirsct mud accurate chacks on ietercontinestal jositions
and fhopefelly) provide jeodetic pesitions in the U3I3E for vhick
dath ave sow available.

i. Cullection of lnrge-scale maps and geadatic zatn (reguired to
provide preciss geographic referesnce peoints):

&  Soviet waps {1: 106, 6063 1:90, SC6; 1128, 666) and geodetic

date have been sought snsuccessfully since end of World War Il
Callostion now u-869 & top priority target to falfill a Firet lategory
Friority Rational Intelli geace hjective (pars. f); covrdinatec clav-
destine effort being mar kedly iscreasad; yisld to date, 13 Iast
Garmsn map sheets 52 123, 000; 101 additionn] shests ubtained
thr chance events (efecticas).
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b. Efforts made at international sciestific meetings to ssgure

data; 5o success 1o date.

E. Comparison of US and B3R

mpats i | JSEF jesiste - 3 ally comparable,
i. Competence of U3 and USER geodesists -- gene® ¥a
Soviets pessibly superis: in field of theorstica! gravity and number of

trained parsonaal.

2. USSR has vastly greater namber of trained gecdesists for feture

wse in missile opsrations.

3. Soviets have geodetic targeting advaniage cves Uz, rasalting

froum

a.  Sowiet pelicy of withbolding topegraphic maps froe: ¥est

sinece 1946 -= allepurpose Soviet serise at 11100, 600 very tightly

neld; available large-seale maps ave of pra~-1940 date andi Hoiited

in covevage, sspecially for Hiberia.

b. Soviet withholding of all gravity and gocdstic dea since
revision of Suviet gesdetic systes in 1946, Roviets have com.-
pazable US data.

CRR/GIA
i6 Septemmber 196€

- # -
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BASIC ELEMENTS ol THE GEQDETIC #30BLEM

A Urigin of the Probe:

1. Geodetic Systems iind at Coast Lines

Ground contrel points on the Kerth's surface conventicaally are
sstablished by metsuremaent {rira & pro-selected initial point t» othey
points by rueans of trissgelation (distances betweesn polats of triangles
are calenlnted through the p.essuresant of angles). Zince this preces e
8 impossible aver scekn arese, contisental gesdetic systeris xtap at
<onst linss. I bnited ocean spaces van be covered by direct manpurersent
wf sides of trinungles (Srilate ration) frow: continent-to (slands-to contissrt,
using electronic tachunlgues. This is enlled HIN AN, Europes hos desn
tiad with Korth Anssrica through Canada with an sutimated unce riainty o:
ples or minus 240 lest. Juch ties were made in the Far Zast and are
now bolng undsrtakes W {stercomasct Australia, New Galaea, the Mar-
shalls, and other islands farther east. o HIRAK copsection balwees
the Tokye and Nerth Amwericas datuss is possible.

B. Sowrges s{ Erroras

1. Fise dnd Shape of the Earth; Datums

Computing relasiosships «f contral poinie fov small areas
{property surveys) is sasy bechuse computations ars nade on o plane
suvince. For large sveas whete aarth curvature is invelved, howave:,
tompulRtions ars wade o & curved surface of & poar-sphars vith pre-
determined dinwasions. fuch s figare, the sllipscid of veferencse, ha-
defisite estimated longths of the squatorial and polar axes and 3 ratio
betwaen the two that defises the flattening. Decsuse vone of thass cas
be measured directly, they bave throughout the history of geodasy
boan differenfty asticated by geodesists of varions countries. The
ollipsoid of relerance plus the initial point of & geodetic networs
defines 3 éistingtive datuwrn., Any thenge or differasce in apy voe of
ths dimensions of an allipeeid or in the isitial point changes the datux
and the ressitant jeodetic system. The joiming of two or more satun.:
trastes discrepancies st paints conaion to the datun.s, as at & bovder
batween countrins. The U3 eses the Rorth Amevicar ataom, | 347,
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| bases on the Clarke slligseid of 1866. The Soviets use the Fulkovo

| Catun, 1942, based on the Krascvskiy ellipeoid of 1940. The jeining
: of the datums of ¢contisests id further complicatsd by the iack of wter-
vesing trisngulntion over bodiss of watar taow correctsd with HIAAN
ties by the USAF), thus giviny rise 10 srrars im computing distences
and directions batween widely separated launch and target poiate for
1C A operations.

Because ths caxth is net & trus aphere, and hesce sot 2
smoothed surfece, rathexiatical difficuities (and diserepancies! avize
| in fitting the elligasid of raferencs, & mstheratical approxination to
' the sarth, to the geoid, » generslimed, undulating reprasentation of
| the sen-level sarth surfnce. The latter cannct be ohserved direcily
|- but must be deduced from setronomic shesrvations or from the meaiurs:
maent of randon: variatisns in the fores of gravity frem point to peipt on
the sarth's surface. Of thess, caly gravily ¢an be peasyrad on both
jand and aes; astropomic determisstions at sea cammat be monsured
within better thap & -mils srrer. The ssknowe anguinr separation bas-
twsen & goold and an sllipsold jeads to angular sryore -« deflection ot
the vertical -- since the planb bob of sarveying instramwents is par-
pendicular to the geold and not te the ellipssld o which all con:putatioas
are made. For very se:all countries it has baen safficient to azewme
that the geoid aed ellipsold were ceoincidest; for nthers the eyrsrs could
in sopse cases be corrected by setrosguuic methods. Bat, for o country
as broad as the USSR, the srrors were found to be fnadwmiseidble, Srapunt-
ing ‘ta 40+5C timas the evrers of field work. In the 1930% the ipviels
learned that the German ellipseid then in use (Bessel) sud the conves~
tionsl western mathod of compatstion {developuont aethod) gave an eyeor
of soxse S0C meters {3, 660 faet) in the positions of common points. A3
a reseit, & naw ollipsoid =8z computed s 1946, and a new method of
compuistions was adopted (prajection method), in which polets sre pro-
jected perpendicular w the allipsoid. The Soviets now assert that the
inforiority of the devaloprent ssethod will be falt sharply in fhs futurs
when adjoining nels are comaected and that divergencios will m ska carte-
graphic unification impossible. Essential to the projection method ar:
gravity data, for which ths ieviets began systematic surveys in 1932,
The technique of this methed is similar to that asad by the U2 ¥ im
positioning Ascansion Jsland to Cape Canaversl, ia vhich an scearacy
of plus ar minus $0¢ feet is claizned. The method is being used by the
Soviets 1o sstablish perdeti: positoss in Amtaratics on the Soviet
silipenid, a part of the developuaent +§ u Sowiet world geodetic systes .
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1. Two agencies in the Uf are concerned with the U5 problen. - -
the USAY, Aerenastical Chart and Infornation Center (ACIC) and the

US Army Map Service.

& Army Map jervice

The Us Armay day Service aifort of long standing has been
diragtsd to {a) & derivation of 2 pew sllipscid based sn the classical
astro-geodetic sambad, ) an adjestment of the various European pa-
tional geodetic systemns ints » Luropean latum, and {¢) the ceaversion
of the Soviet 1934 systex: to the Buropeas Uatum. This prograsu has
served as essential, Basic purpase bet has two weskunesses: (1) M-
tations are isherent in the astre-gecdetic method of deviviag sn ollip.-
odd, i.e. it is a0t carth-ceutered; aud {2) the Luropsan Latum work,
aa & first approgizustion, vas 2ot sciestifically rigordus ensu h, asd
consequently the Intarantional Associntion of Geodesy iv wow undertai-
ing susther voadjustmeont that will tike a nabur of years to conpleta.
sgrees as 1o ths existenca of theze
deficiencies and bas & sunber »f ressrvaticas concerning the sound-
wess of the conversion of the Soviet 1932 saysten: to the Europeas
Catumm, including ressrvalions resw {roe analysas of Soviet sur-

25X1X7 ways {all pre-i933) that has been re-svalaating poiat oy
point {in use instance, a 27 secend error was found in one Soviet posi-
tion, which ameunts to 3 displacement exror uf &, 70U feet).

3. UEAF-ALCIC

The USAL has taken ihe gravirsetric appraach for the estab-
lishment of 8 worid geodatic system, including the derivatiop of a s«
sllipsaid, which i¢ sarth-copterad. The gravity approdch 16 comparakic
o the Soviet raethod and is deliaved %= be more sotiafnetory, srovide
that the USAY {1) colluctn sufficient gravity data sver the ocesss, an!
(2} obtains soviet gravity catalogs coveriag the USDA.

4. Istarcostisemtal Comnmssctions

Although a mamber of important progras ars sadersay, svies -
suzh a8 BIRAN conmections, the ICY lanpr-photography prograr:, saial-
lite tracking, snd ballistic-~flare triangalation -« will provide infermaton
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seeded for cross-checking intsrcomtinantal ties. (ithers -« sach as be
world gravity survey -~ will provide information that will pigaificantly
improve (a) the Defemse W orld Gaadstic Jysten: as< (b) the accuracy

of positioning submarine laench points for the Folaris missiles.

5. The Map snd Date Gap

The most serious gap i U3 target-positioning capakilitios .o
the lack of maders Soviet topegraphic maps and geodatic and pravity
catalogs. Vi ithout these the US will be seriously hasdicapped in deriv-
ing geodatic pesitions, =epecially of ballistic missile sites iz orsas fo-
which seither topographic map eoverage nor geodetic or gravity datn
i« available. Such areas incleds ths west territory cast of the Urale and
nerth of the Traas-3iherinn railway. For large poriiens 3! tals ares,
it i3 atill docbtful whether such sites could be located to withis 1 nautical
sile. Even with aerial photegraphy (satellite or other), itis danbef )
if mont of the sites could be locsted with an aceuragy #f 1, 060 feot, the
minimans srror accepted in specifications for USAYT weapons syster .

o, Efferts Towsys Jap sad Oata Collestion

I.  Cwert collastion efforts for large-scale iuapn of ihe Simo«% wint
Bloc date back te Y orld ¥'ar II. There has been no success to date.

i. Growing swarencss of the sericussssa of this gap has led to
slevating the colloction requirsa.ents to tap prievity for the fulfillman
af & Firset Categery Friority National Intelligence Gipjective for prelie
geodetic Iuw 13&:: ritical targots (pars. f).

The closest possible csordisation 1 maisininec
twasn the CIA and the Army, USAF, and Rawy.

b. Some saccess has besn achisved is mwmp collsction for
East Garmany, 13 map shests at 1135, 000 having bean chtainec
as & direct result of programmed celleciion asd 102 through
chance avents {38 {vom an Kast German border-guard defecior).
Ne comparables map shests have been ohtained an the USSR
proper o suy other Bloc ares.

3.  US scientists are beiag informed of existence of knows catalags
10 stinsulate sciemtific pressure on Soviet Bloc scientists to ralsas:
gravity data.
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